ABSTRACT The relationship between fecundity and body size in females of the moth Streblote panda Hü bner was studied in laboratory by using both virgin and mated females. Strong relationships among fecundity and pupal weight, adult weight, and forewing length were found. The number of eggs in virgin and mated females was similar; mean egg load (number of eggs per female) was 278.4 Ϯ 8.7 (SE), suggesting that S. panda females eclose with all their eggs fully developed. Larger females were more fecund than smaller ones. Mated females laid eggs soon after emergence without any obvious preoviposition period, and no relationship between female body size and age-speciÞc fecundity or female longevity were found. Male size did not show any effects on egg size or hatchability. Data suggest that determinants of larval development such as temperature and food plant may inßuence fecundity through their effects on pupal weight and adult body size. All studied reproductive traits are characteristic of the capital breeding strategy.
FECUNDITY IS AN IMPORTANT life history trait in understanding population dynamics, because it is one of the bases from which population changes are determined through the incidence of environmental factors. It has been found in a range of insects that the fecundity of females is proportional to their weight. It has been demonstrated in several orders, and many studies have addressed the relationship between body size and ecological parameters such as reproductive investment and survivorship or parasite load; its implications are of great interest to applied entomologists (Richerson et al. 1978 , Honȇ k 1993 , Klingenberg and Spence 1997 , Smith 2002 . Adult body size can be an important parameter to include in population models that address pest monitoring and control (Watanabe et al. 1986, Fox and Czesak 2000) , and body size changes are associated with insect outbreaks (Kamata and Igarashi 1995) . Once the relation between size and fecundity has been estimated, it may be applied to estimate natality in Þeld populations by measuring wild females or their pupae.
Reproductive strategies in Lepidoptera range from capital breeding, where all resources for reproduction are accumulated by the larvae, to income breeding, where feeding by adults contributes signiÞcantly to egg production. In capital breeders, larval egg mass is a part of the adult body and is expected to correlate highly with female size; fecundity is determined in the larval stage, and higher larval weight produces a bigger adult, providing more reproductive success (Tammaru and Haukioja 1996 , Jö nsson 1997 , Tammaru et al. 2002 .
The aim of this study is to provide data on the reproductive biology of the moth Streblote panda Hü bner (1820) (Lepidoptera: Lasiocampõdae). S. panda is a polyphagous species with a Mediterranean distribution. Adults are median-to-large moths with a robust body, densely covered with scales, and no functional proboscis. Females are bigger than males, laying eggs in small groups on branches and leaves of their host plants (Freina and Witt 1987, Gó mez de Aizpurú a 2002) . Larvae are able to use several species of trees and shrubs, some of them of horticultural interest (Zhang 1994 , Molina 1998 , Calvo and Molina 2004 .
Materials and Methods
Stock cultures of S. panda were maintained in our laboratory (CIFA "Las Torres-Tomejil," Seville, Spain). Colonies were established in June 2000 from mature larvae collected on blueberry, Vaccinium spp. (Ericaceae), in Moguer (Huelva, Spain); from time to time some wild specimens collected as larvae and reared on their own host plants were used for pairings, and their offspring were added to the colonies to avoid excessive endogamy. Voucher specimens of these rearings are deposited in the collection of our department at CIFA "Las TorresTomejil." Larval development is variable depending on food plant as well as on abiotic factors (Calvo and Molina 2004 ; D.C., unpublished data); this characteristic was used to obtain a wider range of pupal weights. In this way, data included in this study proceeded from larvae fed on strawberry, Arbutus unedo L. (Ericaceae) and blueberry. Development took place under controlled conditions of 70 Ϯ 5% RH, a photoperiod of 16:8 (L:D) h, and temperatures in the range 19 Ð28ЊC at intervals of 3ЊC. Larvae were reared in family groups of 10 Ð20 individuals until their third molt, when the surviving larvae were individually transferred to plastic containers until adult emergence.
Fecundity was determined on a sample of 35 females. Female pupae were weighed 72 h after cocoon formation; freshly emerged females were weighed and their right forewing length measured 24 Ð36 h after emergence, after which they were frozen and stored at Ϫ20ЊC for later dissection. Chorionated eggs contained in two of the four ovarioles were separated from female abdominal tissue and counted in distilled water using a stereomicroscope. Total egg load per female was estimated as two times the number of eggs counted in the examined ovarioles, plus eggs contained in the common oviduct.
To determine realized fecundity, deÞned as the lifetime number of eggs oviposited, 20 pairs of adults were fresh weighed, their right forewing length measured, and then they were placed in mating cages (30 by 30 by 50 cm), at room temperature, the day after their emergence. Because no experimental evidence has been found that capital breeding moths actively select a plant on which to oviposit (Fitzgerald 1995 , Tammaru and Haukioja 1996 , Tikkanen 2000 , no oviposition substrate was provided. The pairs were maintained together until death. Cages were examined daily to remove and record eggs and to record adult mortality. Female moths were dissected after they died to determine the number of chorionated eggs remaining in the abdomen (residual egg load).
To assess whether large size may beneÞt females through the quality of their eggs, egg size and the proportion of eggs hatched were examined. A sample of 20 eggs per female was measured, determining their length and width using a microscopic ocular equipped with a micrometer scale. Egg size (millimeters) was estimated as the cubic root of the volume of a regular, prolate, ellipsoid: Egg size (mm)
, where d is the egg diameter and l is the egg length. This formula ameliorates the results if egg shape is not an ideal ellipsoid (Garcṍa-Barros 2000) .
The eggs masses obtained from matings were put in petri dishes inside a rearing chamber at 25 Ϯ 1ЊC and allowed to hatch. The hatching of these eggs was monitored daily, and the proportion of larvae emerging in each egg mass was recorded. Timing of oviposition for each mated female was evaluated as a relative age at 50% of realized fecundity (RAF 50 ; Kimura and Tsubaki 1986).
All statistical analyses were performed with GraphPad Prism version 4 for Windows (GraphPad Software Inc., San Diego, CA; www.graphpad.com). Correlation coefÞcients (r) were applied to describe relations between variables. Linear regressions were calculated. and analysis of variance (ANOVA) was performed to elucidate the relationships among variables.
Results
Reproductive traits and body size measures of S. panda are statistically summarized in Table 1 . Pearson r values are shown in Table 2 . Temperature and food plants affected pupal weight. Larvae developing at higher temperature (28ЊC) were heavier at pupation (ANOVA: F ϭ 3.03; df ϭ 3, 54; P Ͻ 0.05). Pupae of larvae reared on strawberry tree were heavier than those reared on blueberry, although no statistically signiÞcant difference among mean weights was detected (ANOVA: F ϭ 3.44: df ϭ 1, 54: P ϭ 0.07).
Pupal weights did not differ between mated and virgin females (F ϭ 0.68; df ϭ 1, 54; P ϭ 0.41), and the two groups were therefore pooled for successive analysis. Pupal weights of females ranged from 1,717.9 to 4,073.1 mg of fresh weight (n ϭ 55) and averaged 2,608.1 Ϯ 91.37 mg (mean Ϯ SE). Weight of females showed a good correlation with pupal weight (r 2 ϭ 0.67; F ϭ 112.2; df ϭ 1, 54; P Ͼ 0.0001) and forewing length (r 2 ϭ 0.79; F ϭ 203.7; df ϭ 1, 54; P Ͻ 0.0001; n ϭ 55) (Fig. 1) . The number of eggs found at eclosion (virgin females) and present at female death (laid ϩ residual load) were similar (analysis of covariance [ANCOVA]: F ϭ 0.98; df ϭ 1, 54; P ϭ 0.33, with pupal weight as covariate; ANCOVA: F ϭ 0.09; df ϭ 1, 53; P ϭ 0.76, with developmental temperature as covariate).
Pupal weight was correlated with the total number of eggs per female (egg load) (r 2 ϭ 0.53; F ϭ 62.69; df ϭ 1, 54; P Ͻ 0.0001). Pupal weight was the better size estimator of female egg load (54.2% of variance), followed by forewing length (46.9% of variance) and female fresh weight (37.2% of variance). Egg load ranged from 164 to 418 eggs per female, and averaged 278.44 Ϯ 8.67 (mean Ϯ SE) (Fig. 2) .
Egg size averaged 1.37 Ϯ 0.07 and ranged from 1.24 to 1.48 mm. No differences were found among egg size of virgin and mated females (F ϭ 1.89; df ϭ 1, 54; P ϭ 0.18). Egg size showed very little variation (coefÞcient of variation of 3.4%) and was unrelated to pupal weight (r ϭ 0.25, P ϭ 0.09) (Tables 2 and 3) .
Provided a female survived to oviposit, oviposition success was high; a mean 95.5 Ϯ 2.2% of the egg load per female was oviposited, and the mean number of eggs found in abdomen afterwards was Ͻ5% (Tables  2 and 3) . No preoviposition period was evident. Females laid a mean of 132.18 Ϯ 20.0 eggs per day; the average number laid daily was greatest for 1-d-old females and then gradually decreased (Fig. 3) . RAF 50 value was Ͻ0.5, so females laid more eggs earlier than later in life. RAF 50 was independent of female size (Tables 2Ð 4) .
Among the eggs laid by mated females, an average of 20.5 Ϯ 3.08% did not hatch. Hatching success did not depend on pupal weight (r ϭ 0.09, P ϭ 0.71). Mated females lived up to 10 d postemergence, with an average life span of 6.25 Ϯ 0.25 d; 35% of mated females survived Ͼ7 d. Longevity of mated females was not correlated with body size or oviposition rate (Tables 2 and 4) .
No paternal effects on fecundity were evident. Size of mated males did not correlate with total oviposition, oviposition rate, length of oviposition period, or mated female longevity. Egg quality, estimated as percentage of hatchability, and egg size did not show any signiÞcant association with male size (Tables 2  and 5 ).
Discussion
SigniÞcant correlations between fecundity and body size have been reported for other insect species, Data from virgin and mated females combined for analysis (n ϭ 55). including Lepidoptera (Suzuki 1978 , Kimura and Tsubaki 1986 , Kamata and Igarashi 1995 , Cambini and Magnoler 1997 , Coyle et al. 1999 , Tikkanen 2000 , Keena 2003 , including Lasiocampidae (Shiga 1977 , Fitzgerald 1995 , Parry et al. 2001 . Body size in insects is ultimately determined genetically and proximally modiÞed by environmental factors during larval development, and each of these factors can inßuence fecundity. Factors affecting larval development are very important determinants of adult size in the case of capital breeder species. Life history theory predicts for these species that a threshold level of resources is necessary for reproduction to begin (Kamata and Igarashi 1995 , Tammaru and Haukioja 1996 , Jö nsson 1997 ; this threshold is related to oogenesis, a nutrient-limited process, triggered only if sufÞcient nourishment is available (Wheeler 1996 , Papaj 2000 .
Any biotic or abiotic determinant reducing larval growth will reduce pupal weight and hence the reproductive performance of S. panda. Our data suggest that temperature and food plant may affect fecundity through effects on pupal weight. Larvae of S. panda are able to compensate for the low nutritional status of some host plants by protracted larval development (Calvo and Molina 2004) ; protracted larval development also was observed at temperatures Ͻ25ЊC (D.C., unpublished results, Jones et al. 1982) , and it may be viewed as a way to minimize adverse effects on fecundity. However, the cost of being a large pupa must include greater juvenile Þeld mortality and potential environmental asynchrony, which may have strong effects on population dynamics (Reavey 1993 , Tammaru et al. 2002 . We think that the inclusion of data from different food and temperature treatments can explain the lack of a stronger positive correlation among egg load and body size in this study, as has been reported for other capital breeders (Kamata and Igarashi 1995 , Tikkanen 2000 , Tammaru et al. 2002 . Typical variation in egg number within a species has been reported for other Lasiocampidae, and it has been said that egg masses below-average size may reßect worse conditions during larval development (Fitzgerald 1995) .
Egg size in S. panda seems to be well Þxed; no signiÞcant correlations were found between egg size and female body size, which implies that there are no reasons to expect offspring quality to depend on female size (Honȇ k 1993 , Fox and Czesak 2000 , Tammaru et al. 2002 . Trade-offs between egg size and number of eggs have been reported for several species of Lepidoptera in relation to their bioecology (Garcṍa-Barros 1992 Fischer and Fiedler 2001) , but no cue of such relationships were observed in this study (but see Fox and Czesak 2000) .
The negative correlations between life span, total egg load, and lifetime fecundity suggest differential allocation of energy between adult survival and reproduction. Lighter females seemed to live longer, but did not reduce egg size or oviposition rate to maintain their longevity (Tammaru et al. 1996, Fox and Czesak 2000) . It has been said that males can provide considerable nutrients to female through the spermatophore to enhance their life span, fecundity, and egg quality (Boggs and Gilbert 1979 , Savalli and Fox 1999 , Fox and Czesak 2000 , but suggested that the eclosion of females with a fully developed eggs is a key factor, reducing the importance of nutrients invested by males. Our data support this hypothesis, and neither life span of mated females nor egg hatchability were associated with male size, suggesting that scarce or no transference of nutrients had occurred (Morimoto 1960 , Jones et al. 1982 , Hesjedal 1983 , Gilbert 1984 , Shanower et al. 1993 , Ofomata et al. 2000 .
Our data suggest that females eclose with all their eggs fully developed and that females, provided they do not die, will lay almost all their egg load soon in their life span. In the continuum between capital and income breeders, this species is positioned among the former.
